
The fairing filled in the space between the reflection plane

face and the inboard edge of the stabilator surface.

The f airing was constructed of aluminum plate. The remainder

of the support structure was constructed of structural steel.

The structure was designed to accept an aerodynamic surface load

of 5000 lbs and an aerodynamic hinge moment of 2500 foot lbs.

The support structure incorporated mounting provisions for

a safety actuator. This actuator was mounted to operate in

parallel with the modified stabilator control actuator .

4.2.2 Safety Provisions

To prevent catastrophic loss of the stabilator surface during

the wind tunnel testing , the commanded angle of attack for

the surface was limited to ~l.5
°. This was accomplished by

adding mechanical stops to the control actuator to limit the

control actuator stroke . One stop was incorporated externally

around the actuator piston rod. The other was incorporated

inside the actuator barrel in the section of the actuator

which was not pressurized . Figure 13 is a view of the control

actuator as mounted in the support structure. Note that the

mechanical input for the control actuator is attached with a

rod to the support structure. This photograph also shows the

hy draulic hose connections and hydraulic f i l ter used wi th the

test item. Also shown is an accelerometer used to measure the

rotational acceleration of the stabilator surface . The safety

actuator was not mounted in the support structure at the time the

photograph was taken. The actuator mounted between the arm that

the rotational motion sensing accelerometer was attached to

and the end of the beam to which the input link for the control

actuator was attached.
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The angle of a ttack limit ations we re in corpora ted to pr even t

the possibility of commanding angular surface deflections which

could at the maximum dynamic pressure test conditions exceed the

steady state stress limitations on the support structure and

stab i 1 a to r.

To limit flutter induced stress levels in the surface , accelerometers

were mounted on the input arm to the surface and on the surface

itself.

The accelerometer mounted on the surface was positioned to

measure the first bending mode motion of the half stabilator

(Reference Figure 12). The output of the accelerometers used

to measure the rotational and bending motions of the surface

F were band pass filtered and used to provide automatic shutdown

capability when excessive acceleration levels at the expected

rotational or bending natural frequencies were experienced. The

automatic shutdown system was used to take the safety actuator

out of bypass. This theoretically would increase the torsional

resonance freq uency by providing addi tional actuator (and hence

rotational) stiffness. The safety actuator used had a drive

area approximately equal to that of the modified stabilator

control actuator and a stroke approximately 20% as long. The

actuator stiffness theoretically added to that of the stabilator

actuator when the safety actuator was taken out of bypass was

therefore 5 times that of the stabilator actuator itself. This

action would then increase the rotational resonance fre—

quency and increase the dynamic pressure required for flutter.

The safety actuator was bypassed using two high flow pilot

operated solenoid valves. Figure 14 shows the solenoid valves

mounted on a manifold block attached to the support structure .

Flexible hose (which detracted slightly from the stiffness

increase with the safety actuator out of bypass) was used to

couple the solenoid manifold to the safety actuator. Use of the
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flexible hose was required to accommodate the movement

of the safe ty ac tua tor bod y with deflection of the stabilator

surface. The solenoid valves were connected so that system

pr essure of 3000 psi was maintained in both sides of the safety
actuator when the actuator was bypassed . Taking the actuator

out of bypass blocked the cy linder ports. The solenoids , f lex ible
hose and safety actuator were rated for 5000 psi working pressure .

Maintain ing the cylinder ports at 3000 psi (rather than return

pressure) when bypassed insured that the safety actuator was

filled with oil and that the maximum stiffness increase avail-

able was ob tained when the safe ty ac tuator was taken ou t of

bypass.

Two accelerometers were mounted on the input arm of the half

stabilator surface and on the surface itself. At each location ,

one of the acceler ome ters was used as a spare for  the one be ing

used for the safety system and performance monitoring. This

provided a backup transducer in the event that a transducer failed

during wind tunnel testing.

4.2.3 Flutter Interface Unit

In order to control the test item and provide automatic safety

shu toff , a single electronics unit was constructed. Figure 15

is a photograph of the Flutter Interface Unit. This unit in-

corporated the bandpass filter networks and solenoid driver

electronics to monitor the rotational and bending accelerations

and take the safety actuator out of bypass if excessive torsional

or bending motion of the control surface occurred. The unit also

incorporated a servoamplifier and demodulator section for

coimnanding the SAS portion of the flutter control actuator. This

allowed commanding the output motion of test actuator in order

to excite the control surface. The Flutter Interface Unit

contained a position bias control to trim the control surface and
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Xi 17. 344 Ys —18. 702
TRANS RiYs 7 #As 40
-10. 000 - 

-
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/ ~~~~~~~~
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5.. 0000 HZ 50. 000

FIGURE 28 Tes t Sec t ion Tes ting — Rota t i onal
Accelerometer/ SAS Input Response
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FIGURE 29 Test Section Testing — Bending
Accelerometer/SAS Input Response
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resonance frequency agrees with that previously measured in the

laboratory testing of the test item at WPkFB. The rotational

resonance frequency is somewhat lower (17.3 Hz vs 21 Hz) . The

test data shown on Figures 28 and 29 were taken with 2000

PSI hydraulic pressure applied to the test item (since this was

the maximum supply pressure available for the preliminary test

checkout) .

The amplitude peak between 25 and 30 Hz on both Figures 28 and

29 appeared to be associated with the setup state specifications
for the analyzer . In order to exclude measuring the steady
state output of the accelerometers, the center frequency of

the bandwidth for the measurements of Figures 28 and 29 was

specified to be 26.5625 Hz and the bandwidth 50 Hz.  The 26.5625
Hz is exactly the frequency of the peak between 25 and 30 Hz

on Figures 28 and 29. F igure 30 shows the setup state of the

response measurements of Figures 28 and 29. This setup state

was used for most of the response measurements taken during

the wind tunnel testing. The peak at 26.562 appeared in all

test results using the setup state of Figure 30. Since this

response peak (apparent) was separated from the two resonance

frequencies of interest and was a high “Q” peak, it created no

problems in analyzing the test results.

Although it was fel t  that the apparent response peak at the

bandwidth center frequency was not necessarily an inherent char-

acteristic of the analyzer, the characteristic was not investigated

further since it did not interfere with the analysis of the resonant

modes of the test item.

6.3 Wind Tunnel Test Installation

For the testing of the flutter suppression mechanization in the wind

tunnel, the control and instrumentation equipment was installed
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in a wind tunnel control room adjacent to the test cart containing

the stabilator surface. Figure 31 is a photograph of the control

and instrumentation setup used for the wind tunnel testing. The

function generator shown in the figure was used for excitation of

the stabilator surface during preliminary checkout without the

wind tunnel operating . The oscilloscope to the left of the

function generator was used to monitor the stabilator actuator

position and the input to the SAS input to the actuator . The
response analyzer was used both for the excitation input and the

response analysis of the motion stabilator .

The instrumentation tape recorder was used to record on magnetic

tape the analog signals of ro tational and bending accelerometer

outputs , SAS actuator position and the differential pressure

transducer output. Recordings of these signals throughout the

wind tunnel testing were made in order to allow later analysis of the

response data as required . The instrumentation recorder incor-

porated a voice channel which was used to identify the different

test conditions for the recorded data. The instrumentation chart

recorder used was an electrostatic recorder with 8 channels of

recording provided . This recorder was used to record a short

section of output data of the test item instrumentation at each

test condition for immediate visual examination . The printer—

plotter was connected to the response analyzer and was used to

record response data on paper as required during the testing . The

response analyzer also allowed recording on magnetic cassette tape

in vector form the response data acquired at each test condition .

Two oscilloscopes were used to visually monitor the output of the

differential pressure transducers and the accelerometers during the

wind tunnel testing .
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SETUP STATE

MEASUREMEN T s TRANSF ER FUNCTIO N
AVERAGE i 20 • STABLE
SIGNA L • SINUSOIDAL

TRIGGER . FREE RUN • CHNL 1

CEN T FREQ s 26. 5625 HZ
BANDWIDTH s 50.0000 HZ
TIME LENGTH • 5. 12000 S

$ 195.312 mHZ E~T s 10. 0000 mS

AOC CHNL RANGE AC/DC DELAY CAL (C1/C2)
a 1 10 V DC 0.0 S 1.00000
• 2 10 V DC 0.0 S 1. 00000

r .

FIGURE 30 Response Ana lyze r -Se tup  Tests — Flutter Tests
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In addition to the instrumentation shown in Figure 31, movie
cameras were installed in the tunnel sidewalls of the tes t

section in order to photograph the stabilator motion at each

test condition. Approximately 10 seconds of motion at each

test condition was recorded . To allow continuous visual mon-

itoring of the stabilator surface during the wind tunnel testing ,

closed circuit television was installed so that the stabilator

surface could be observed throughout the testing . This closed

circuit television was used to detect a sheet me tal fa ir ing pa nel

failure during the test sequence.

6.4 Test Procedure

The general procedure used to evaluate the test item was to

establish different dynamic pressure conditions at selected Mach

numbers for the tunnel opera ting condi t ions and evaluate the

resonant mode frequency and damping for the rotation and bending

motions of the stabilator surface. Three different Mach number

test conditions were used (Mach .6, Mach .8 and Mach .95). The

majority of testing was conducted at Mach .95, since this test

condition created the greatest observed activity of the differential

loading pressure on the stabilator actuator drive area (and the

greatest observed motion of the stabilator surface when excited

by the input from the response analyzer). At each Mach number ,

the dynamic pressure was increased from 200 lb/sq ft to higher

dynamic pressures in increments of 50 or 100 lb/sq ft. The maxi-

mum pressure used was 650 lb/sq ft , which at the Mach .95 test

condition, approached the normal power limit for the tunnel operation .

At each test condition , the analyzer was used to obtain a response

plot for the rotation and bending modes, with and without the

damper module operational. In order to predict the potential H

onset of classical flutter, plots of the damping and the frequency

for each of the modes was plotted as a function of the dynamic

pressure for each Mach number.
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In addition to plotting the bending and rotation frequencies as

a function of the dynamic pressure , the ratio of the difference

between the bending and rotation fundamental frequencies were cal-

culated and plotted versus dynam ic pres sure to aid in pred icting

the potential onset of classical flutter. (A similar technique

was used by McDonnel Aircraft in report E801 for predicting the

flutter point). Since the two fundamental modes of rotation and

bending coalesce at the flutter frequency, plotting the frequency

shift with increasing air speed (or dynamic pressure) allows esti-

mating the flutter onset point.

In order to obtain response plots from which the damp ing and re-

sonant f req uencies could be measured , it was necessary to allow the

- response analyzer to average the sampled data. A minimum of 20

‘-‘sets of data was averaged for each response measurement . For some

plots , it ~as necessary to increase the averages to greater than

100 in order to obtain a response plot which was unchanging with

each new set of data averaged in. The response analyzer allowed

establishing the number of averages for a satisfactory plot,

since as each set of data was averaged in the change of the

response plot due to that set of data could be observed. When

the response plot no longer changed with the addition of new

data, the averaging process was terminated and the measurement

of the damping and resonant frequency made. It was generally

necessary to Increase the number of averages above 20 at the

higher dynamic pressure conditions due to the increased noise on

the accelerometer output signals.

In making the damping and resonant frequency estimates from the

measured response, two techniques were used. One technique used

the internal program provided In the HP 5420A. The second tech—

nique used the cursors to measure the half power points in order

to calculate the damping for the resonant peaks. Because the
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response plots exhibited deviations from the classical smooth

peaking (even a f t er 100 or more averages), the use of the internal

program for damping estimation gave results that were sensitive

to the position of the cursors used to define the resonant

peak being measured. Therefore, the damping and resonant fre-

quency estimation for five different cursor locations on each

peak was recorded and the mean values and standard deviations

calculated . The half power poin ts were also used to calculate an

estimated damping for the same resonant peak. The analyzer

allowed this to be conveniently accomplished using the vertical
cursors to measure the frequency and the horizontal cursors to

establ ish the half power amplitude points.

Although the initial testing was at Mach .6 and .8, the tests

conducted at Mach .95 were the most extensive of the test series.

In addi tion to opera ting the con trol actuator with the damp ing

module engaged and disengaged , additional Mach .95 testing with

two different damping tubes installed across the control actuator

was conducted. The dynamic pressure used for the tests was

limited to 650 lb/sq ft. This corresponds to a knots equivalent

air speed of 438 at sea level on a standard day . Based on

Figure 6 of report E80l by McDonnel Aircraft and a fundamental

bending frequency of 9.8 Hz with a fundamental rotation frequency

of 17.34 Hz , f l u t t er would not be expected unti l  an equivalent

sea level air speed of 530 knots equivalent air speed. The tunnel

te st conditions were therefore adequate to investigate the approach

to a flutter condition , but not to reach the air speed at which

report E801 predicted flutter would occur. The flutter point

test condition would have exceeded the 200 megawatt power capability

of the wind tunnel. Not being able to reach the predicted flutter

air speed did not limit the investigation , since sub—critical

testing was the investigation objective.
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6.5 Test Results

6.5.1 Mach .6 Test Condition Results

Table 1 lists the results of analyzing the bending mode response

p lots for  the frequency of peaking and damping of the first
bending mode of the surface at Mach .6. The damping and frequency

of peaking both with and without the damper on is listed . Since

the damper was not designed to affect the bending mode of the surface

motion , the effect of the damper operation on this mode was not

expected to be significant. Note that the table lists both the

results of the HP 5420A program and the bandwidth calculated

damping for the bending motion .

Figure 32 shows a response plot for the bending motion accelera—

tion at a dynamic pressure of 300 lb/sq ft with the damper off.

Note that the response plot shows the vertical and horizontal

curso rs used for  measuring the frequency and amplitude poin ts

for the half power points. The “X” value at the top of the plot

is the frequency of the left vertical cursor. The “LXX ” value

is the frequency spread between the vertical cursors. The “Y”
value listed at the top of the response plot is the value of the

bottom horizontal cursor and the “ .~Y” value is the amplitude

spread between the horizontal cursors In Db. Note that the

resul ts of the in ternal calculation program for indicating the

frequency peak and the damping is printed above the response plot.

Fi gure 33 is an expanded response plot of the peak shown in

Figure 32. Note that the curve is not smooth and requires

judgment in locating the cursors used for the HP 5420A internal

program and the calculation of the damping using the frequency

bandwidth for the half power points. This type of curve was

typ ical for most of the test data obtained during the wind tunnel

testing. Note also that for Figure 33, the number of averages taken

was 60. The trend during the wind tunnel testing was to require

66 U
~~~~

---
~~~

- ,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — —- --‘-
I 

-_ _ _



an increasing number of averages to obtain a “stable” response
plot (with new data averaged in) as the Mach number and “q”

increased in value.

As shown on Table 1, the damp ing values for the HP 5420A program
and the bandwidth calculation do not closely agree. This is due

to the response peaks defining the bending resonance not being

a perfectly smooth curve. Note that the damping calculated

by the HP 5420A program for the 250 lb/sq ft “q” condi tion is

indicated as nega tive , an obvious error due to the irregularity

of the pa rticular peak on which the program was used. Part of

the difficulty in obtaining satisfactory peak analysis for  the
bending mode was associated with the relative output level of

the accelerometer outputs at the resonance peaks. The amplitude

of the peaks for the first bending mode was only slightly above

the background noise level. The damping results indicated on

Table 1 do not indicate a particular trend or difference between

the operation with and without the damper on. This was expected

based on the motion mode that the damper was designed to affect.

The peak frequency measurements show some disagreement between

the HP 5420A program estimate and the bandwidth measurements.

This disagreement is also because of the irregularities in

the curves defining the amplitude peaks. The frequency of the

bending resonance peak did not appear to increase (at least

within the accuracy of the measurement techniques) over the “q”

range at this Mach number. This indicated that the flutter

point at which the bending and rotational resonance frequencies

coalesce was not being rapidly approached.
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TABLE 1

Mach .6 Wind Tunnel Test Results

Bending Mode

Test Condition Resonant Frequency & Damping Estimation

HPS42OA Program Bandwidth Calculation
Damper Mean Mea n

(lb/sq f t )  Mode Freq . Peak Std Damping Std Peak Freq.  Damping
____________ _________ 

(Hz ) Dev % Cr i t ica l)  Dev (Hz ) (% Cr i t ical)

on 10.85 ).lO —0.72 L5~ 10.70 3.15
200

off 10.21 0.03 .29 .22 10.20 4.94

on 11.18 0.02 4.32 .07 11.00 6.86
250

off  10.57 0.12 —1.14 ‘ .39 10.50 3.58

11.02 0.12 —1.17 .02 10.94 3.94
300

off 11.53 0.08 2~.39 ).l4 10.65 5.32

on 10.75 .08 15 5  ) .7~ 10.70 4.16
350

off 11.09 0.01 —1.07 ).67 10.70 9.70

400 on 10.60 L06 2.19 )- .44 10.60 4.60

off  10.89 ).06 3.66 ~.2 11.05 4.02

on 10.42 .18 1.32 .65 10.40 6.70

of f  10.45 .01 0.98 .51 10.50 4.15

on 10.86 0.16 —6.52 .91 10.90 6.34

j o f f  11.51 0.14 —1.89 .21 11.70 5.59

- 
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TRACE A TRANS PEAK VALUE 11.4218 E+0
UNITS X-HZ Y-LGI4AG 08 ZOAMPINS 2.21022 E+2
SIC TYPE I
#AVERAGES 80
START HZ 1.75781 E+0
DELTA HZ 195.312 E-3

X. 10. 343 AX, 566.03 ~ Vi -39.662 &Y, 3. 0007
TRANS R#, 43 #1. 80
-20.008 _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L~AZ~~~
/ {

t~~~~~~~~ 1~

5.0000 HZ 50.000

FIGURE 32 Bending Acceleration Amplitude Response —

Mach .6 and q = 300 lb/sq ft
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X. 10.343 AX. 566.03 a Yi -39.660 AYe 3.0007
TRANS RI. 43 lAs 60 EXPAND

-35. 008

I

-40.000~~ __________ _ _ _ _ _ _ _  _ _ _ _ _ _ _

I I I ~~ • ~
9.6088 HZ 11.400

FIGURE 33 Expanded Acceleration Ampl itude Response —

First Bending Peak — Mach .6 and q = 300 lb/sq ft
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Table 2 lIsts the results of analyzing the rotation mode response

plots for the frequency of peaking and the damping of the first

rotation mode of the surface at Mach .6. The dampi ng and fre-

quency of peaking both with and without the damper on is listed.

The table lists both the results of the HP 5420A program and

the bandwidth calculated damping for the rotation motion.

Figure 34 shows a response plot for the rotation motion acceleration

response at a dynamic pressure of 350 lb/sq ft with the damper

on. Figure 35 is an expanded section of Figure 34 and illustrates

the irregularity characteristics of the response curve. Figure

36 is a response plot for the rotation motion for the rotation

motion acceleration response at a dynamic pressure of 350 lb/sq ft

with the damper off. Figure 37 is an expanded response plot for

the acceleration response of Figure 36. As shown on Table 2,

the damping with the damper on and off does not change significantly .

Although some change was indicated with the change of damper

operational mode , the amount and relative increase (or decrease)

was not consistent at the different “q” conditions. However,

the significant results were that the damper operation had very

little effect upon the apparent damping of the rotational motion .

This is inconsistent with the design theory . The damper should

have provided a damping ratio of from .7 to 1 (or 70 to 100%

of critical damping) when it was engaged .

Figure 38 shows the amplitude response at Mach .6 at a “q” of 500

lb/sq ft. For this figure the damper was turned off. Figure

39 shows the amplitude response at the same test condition with

the damper turned on. The increase in dynamic pressure over that

of Figures 34 and 35 (which creates a larger amplitude response than

the lower “q” condition) did not change the damping characteristic

change between the damper operating and not operating. Note on

Figure 38 the irregular characteristic of the amp litude peak. As

shown on this figure , 200 averages were used in obtaining the response

plot . Even 200 averages did not produce a smooth curve for the peak.
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TABLE 2

Mach .6 Wind Tunnel Test Results

Rotation Mode

Test Condition Resonant Frequency & Damping Estimation

• HP5420A Program Bandwid th Calculation
q Damper Mean Mean

(lb/sq f t )  Mode Freq . Peak Std Damping Std ‘eak Freq . Damping

____________ ________ 

(H z) Dev % Critical) Dev (Hz) (% Critical)

on 18.29 .09 3.62 .06 18.60 10.00
200

off 18.2 .11 6.22 .87 17.92 8.30

250 
on 19.18 .11 8.58 1.12 18.5 8.66

off  19 .47 0.46 8.25 0.76 18.5 8.01

on 19.01 0.27 8.88 2.8: 18.50 11.39
300

off  18.34 0.03 1.48 l .0( 18.30 8.21

350 on 18.06 0.16 4.19 1.7~ 18.20 9.81

off 19 .02 0.33 18.17 4.1 18.10 5.67

400 
on 18.00 0.07 9.30 0.9 18.80 15.00

off 17.86 0.22 7.85 0.7 18.20 9.06

450 on 18.08 0.12 10.41 Q .5i 17 .80 13.44

off 18.41 0.33 8.49 0.0~ 18.60 16.55

on 18.18 0.17 6.26 O .2  18.40 13.71
500

off  19.64 0.22 8.53 1.2~ 18.30 16.81
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TRACE A TRANS PEAK VALUE 17. 9145 E+8
UNITS X-HZ Y-LGMAG DO XDA}4PING 3.60752 E+0
SIC TYPE I
lAVERACES 19
START HZ 1.75781 E+0
DELTA HZ 195.312 E—3

Xi 17.241 AX. 1. 7847 Y.--36. 286 LY, 3.2.006
TRANS RI. 47 lAs 19
-30.000~ ______- _ _ _ _ _ _ _ _ _ _ _ _

: 

(

NI

/ T

I

5.0000 HZ 50.008

FIGURE 34 Rotational Acceleration Amplitude Response —

Mach .6 and q = 350 lb/sq f t  wi th  Damper On
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Xi 17. 241 LX. 1. 7847 Ys —36. 286 LV. 3. C~Z8
TRANS RI. 47 lAs 19 EXPAND

~3a0$0~~~~
J _

LCNAC

17.500 HZ 19. 028

FIGURE 35 Expanded Acceleration Amplitude Response — First Rotation
Peak — Mach .6 and q = 350 lb/sq ft With Damper On
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TRACE A TRANS PEAK VALUE 19.2322 E+0
UNITS X-HZ Y-LCMAG DR ZDM4PING 20.2557 E+0
SIC TYPE I
IAVERAGES 60
START HZ 1. 75781 E+0

DELTA HZ 195.312 E-3

Xi 17. 623 LX, 1.0440 V. —37. 218 LV, 3. 0004

TRANS RI. 48 lAs 60

—70.008_ 
-, r— j  I 1

5.0008 HZ 50.000

FIGURE 36 Rotational Acceleration Amplitude Response —

~~~~~ Mach .6 and q 350 lb/sq ft with Damper Of f
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Xs 17. 6Z3 LX.. 1.C440 Y,—37.218 LY.3.C034
TRANS RI. 48 IA. 68 EXPAND

-34.000 _

L~~A C .

-30.000~
I 1 I I I

17. 400 HZ 19.000

FIGURE 37 Expanded Acceleration Amp li tude Response — First Rotation
Peak — Mach .6 and q 350 lb/sq ft With Damper Of f
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TRACE A TRANS PEAK VALUE 18.6942 E.ø
UNITS X-HZ Y-LGWAC 08 ZDANPING 8.74709 E+0
SIC TYPE I
IAVERAGES
START HZ 1.75781 E+8
DELTA HZ 195. 312 E—3

Xi 16. 745 LX. 3. 0764 Ys —33. 073 LV, 2.9154
TRANS RI. 87 lAs 220
-30.008 _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I I I I I

5.0000 HZ 50.028

FIGURE 38 Rotational Acceleration Amplitude Response —

Mach .6 and q = 500 lb/sq ft with Damper Off
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TRACE A TRANS PEAK VALUE 18.7006 E+0
UNITS X-HZ Y—LCI4AG 08 ZDANP ING 5.2~~~9 E+0
SIC TYPE I
IAVERACES 102
START HZ 1.75781 E+0
DELTA HZ 195. 312 E—3

Xi 17. 059 AX, 2.5229 Y. —33. 058 LV. 3. 0012
TRANS RI. 85 IA. 100
-30. 000 _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

__ _  

-

~~~~~

5.0208 HZ 50.008

r
FIGURE 39 Rotational Acceleration Amplitude Response —

Mach .6 and q = 500 lb/sq f t  wi th  Damper On
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6.5.2 Mach .8 Test Condition Results

Table 3 lists the results of analyzing the bending node response

plots for the frequency of peaking and the da mp ing of the first

bending mode of the surface at Mach .8. The damp ing and fre-

quency of peaking both with and without the damper on is listed.

As with the previous tables , the results of the HP 5420A program

and the bandwidth calculated damp ing are presented for the bending

motion .

Note that on Table 3 two different test r~easurements at a

of 500 are given. The second set of data was obtained 24 hours

later than the first set and was a check test measurement. Figure

40 shows the bending accelerometer response at Mach .8 and a

of 500 lb/sq ft with the damper on. Figure 41 shows the bending

accelerometer response at Mach .8 and a “q” of 500 lb/sq ft with

the damper turned off. The results of Table 3 show no significant

trends. The variation in damp ing and resonance frequencies are

more consistent than the Mach .6 results. There is some minor

increase in da mp ing between the damper on and damper off test

cond itions at all “q” conditions . The frequency of the bending

resonance peak as estimated by the HP 5420A and by the bandwidth

measurement process showed fairly good agreement for most test

condit ions. The general t rend of the frequency of the bending

peak with increasing “q” was a sl ight increase in the frequency

from 10.3 to 11.3 Hz for a “q” change from 200 to 500 lb/sq ft.

Negative damping values are listed from three of the HP 5420A

program estimation results since the program calculated a negative

damping value for the “q” of 200 and one “q” of 300 test condition.

These negative damping results are associated with the particular

irregularities in the response peaks to which the program app lied.

-
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TABLE 3

Mac h .8 Wind Tunnel Test Results

Bending Mode

Test ConditLn Resonant Frequency & D~~ ping Estimation

HP5420A Program Bandwidth Calculation
Damper

Mean Mean
(lb/sq ft) Mode Freq . Peak Std Damping Std ‘eak Freq. Damping

_____________ _________ 

(Hz) Dev ¾ Cr i t i ca l)  Dev (Hz) (¾ C r i t i ca l )

200 on 10.25 0.03 —5.42 1.57 10.30 4.64

off l0 40 0.12 —1.41 1.22 10.30 4.13

300 on 10.65 0.03 3.01 0.62 10.65 4.18

of f  10. 71 N . A .  N .A .  N . A .  N . A .  N . A .

400 on 10.99 0.25 4.31 1.92 11.43 8.71

off 11.03 0.03 3.01 0.33 11.20 6.64

on 10.61 0.06 4.05 0.38 10.80 5.98
500

off 10.88 0.06 3.31 0.87 10.90 4.63

500 on 10.80 0.03 5.18 0.6( 11.30 9.35

off  11.38 0.03 3.97 0 .3  10.80 7.69

.
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TRACE A TRANS PEAK VALUE 10. 8493 E.0
UNITS X—HZ Y—LCNA& 1)8 ZOAMP I NG 3. 69618 E~8
SIC TYPE I
IAVERAGES 62
START HZ 1. 75781 E+0
DELTA HZ 195.312 E-3

Xi 1C. C~ Z LXa 5~4. (3~ m Ya ~~~~~. 222 ~Y, 3. C~~5
TRANS RI, 88 lAs 50
-10. 000 _ _ _ _ _  ________________________

I I j

5.0000 HZ 50.000

FIGURE 40 Bend ing Acceleration Amp l itu de Re sponse —

Mach .8 and q = 500 lb/sq ft with the Damper Off
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